Objectives Fines have been proposed as means for reducing non-attendance in healthcare. The empirical evidence of the effect of fines is however limited. The objective of this study is to investigate the effectiveness and cost-effectiveness of fining non-attendance at outpatient clinics. Design, participants and setting 1:1 randomised controlled trial of appointments for an outpatient clinic, posted to Danish addresses, between 1 May 2015 and 30 November 2015. Only first appointment for users was included. Healthcare professionals and investigators were masked. Intervention A fine of DKK250 (€34) was issued for nonattendance. Users were informed about the fine in case of non-attendance by the appointment letter, and were able to reschedule or cancel until the appointment. A central administration office administered the fine system. Main outcome measures The main outcome measures were non-attendance of non-cancelled appointments, fine policy administration costs, net of productivity consequences and probability of fining non-attendance being cost-effective over no fining for a range of hypothetical values of reduced non-attendance. results All of the 6746 appointments included were analysed. Of the 3333 appointments randomised to the fine policy, 130 (5%) of non-cancelled appointments were unattended, and of the 3413 appointments randomised to no-fine policy, 131 (5%) were unattended. The cost per appointment of non-attendance was estimated at DKK 56 (SE 5) in the fine group and DKK47 (SE 4) in the no-fine group, leading to a non-statistically significant difference of DKK10 (95% CI -9 to 22) per appointment attributable to the fine policy. The probability of cost-effectiveness remained around 50%, irrespective of increased values of reduced non-attendance or various alternative assumptions used for sensitivity analyses. Conclusions At a baseline level of around 5%, fining non-attendance does not seem to further reduce nonattendance. Future studies should focus on other means for reduction of non-attendance such as nudging or negative reinforcement. trial registration number ISRCTN61925912.
IntrODuCtIOn
Non-attendance at scheduled appointments in outpatient clinics potentially affects society at all levels. Healthcare users may face longer waiting times, frustrated staff and poorer health outcomes. [1] [2] [3] Healthcare staff may face difficulties planning their work efficiently and providing the service level that they judge to be appropriate. The healthcare system does not reach its potential in terms of productivity, efficiency and, ultimately, overall cost containment. 4 At a societal level, and particularly when healthcare is tax financed, the sense of social justice may be affected if non-attendance is perceived as a matter of disrespect.
It is claimed that up to 25% of all planned appointments in outpatient service have been non-attended, but when accounting for cancellation on the part of the provider or the user, non-attendance accounts for only 5%-10% of appointments in somatic healthcare. [5] [6] [7] [8] [9] In this work, non-attendance is defined as the phenomenon of users who have an appointment (not cancelled by the provider) but do not show up at the specified time and location without giving notice.
In a systematic literature review on the effect of various means for reducing non-attendance of somatic healthcare appointments, it was concluded that telephone, mail and text/short message service reminders reduced non-attendance by 9.4%, 8.6% and 7.6%, respectively. 10 In another review, it was recommended that automated reminders should be routine practice, although it was strength and limitations of this study ► The strengths include a well-described context and nuanced effect measures. ► Further, a main strength is the randomised allocation. ► The main limitations include alternative fine amounts and generalisability to settings with lower patient volume or more specialised services where the flexibility of production could be more restricted.
Open Access noted that evidence of the cost-effectiveness of reminders was lacking. 11 One of the most recent studies reports that flexible booking systems, where the patient is offered a choice between all available time slots in an online booking system, could further reduce non-attendance. 12 While these areas of research are ongoing, both reminders and flexible bookings have been widely implemented, but non-attendance appears to remain an issue.
According to neoclassical economic theory, the threat of being fined for non-attendance could incentivise users to remember their appointments. 4 More than 20 years ago, two independent observational studies suggested that fines could reduce non-attendance by between 14% and 54%. 13 14 In the modern context, however, these estimates appear to have limited validity, and robust experimental evidence for the effect of fines in healthcare is lacking. Although the use of fines for the regulation of individual behaviour is widespread in relation to crime and traffic offences, in the case of public healthcare, there is limited experience, according to the scientific literature.
In Denmark, there are examples of privately practising specialists, dentists and physiotherapists who issue fines for non-attendance. There has been intense debate concerning the legitimacy of general practitioners using fines because it could have detrimental effects on equal access to healthcare. Nevertheless, there has been a political interest in this method aiming at reducing non-attendance, and nationally representative surveys have revealed that citizens have positive attitudes towards the use of such fine. Furthermore, qualitative research has shown that patients accept the use of fines and are positive towards this becoming a national policy. 15 The objective of this study is to investigate the effectiveness and cost-effectiveness of a fine of DKK250 (€34) for non-attendance at outpatient appointments in comparison with the situation where there is no fine for non-attendance. The cost-effectiveness analysis is restricted to a healthcare perspective, essentially assessing the administration cost of a fine policy-net of any productivity consequences-versus the proportion of non-cancelled appointments that are non-attended. To the best of the authors' knowledge, this study is the first experimental assessment of the effect of fines on non-attendance in public healthcare.
MethODs

Design
The study was designed as a parallel, randomised controlled trial of 6746 appointments allocated to fine policy (n=3333) or to usual practice of no-fine policy (n=3413). Appointment status was followed from the time when an appointment was made until the date when the appointment had passed, and eventually when a fine had been settled or handed over to the tax authorities because of non-payment. Appointments made during the period from 1 May 2015 to 30 November 2015 were included.
This article follows the recommendations of the Consolidated Standards of Reporting Trials statement and the Consolidated Health Economic Evaluation Reporting Standards statement. 16 17 The trial has been registered in current controlled trials by ISRCTN61925912, and a trial protocol has been previously published. 18 randomisation, masking and concealing The randomisation was conducted when the appointment letter was issued; appointments allocated to the group that would involve fine for non-attendance without giving notice included an attachment describing the fine policy, whereas appointments allocated to the group following the usual practice of no fine did not include this attachment. Healthcare professionals, administrative staff and investigators were masked until the main results had been announced at a research meeting.
The randomisation procedure was based on a computerised and fully automatic random number draw from a binomial distribution. The letters E and K, for which only an external data manager knew the code, were assigned. The randomisation was concealed by the computerised technique, with the result of randomisation revealed to the appointment holder immediately in the majority of cases (via electronic appointment letters, which were general policy) or after processing time by the postal service (hard copy appointment letters sent to citizens without access to electronic mail).
Participants
Consecutive first-time appointments during the inclusion window and scheduled by an appointment letter were included in the trial. Appointment letters addressed to non-Danish addresses (Greenland and Faroe Islands) were excluded, as were appointments concerning physiotherapy and occupational therapy. 18 setting The setting was an orthopaedic outpatient clinic of a regional hospital in Denmark. The Danish system is characterised by general practitioners acting as gatekeepers to the hospital sector and a national policy for a maximum waiting time to diagnosis of 30 days. The orthopaedic clinic's activities have been detailed in a previous report focusing on the extent and possible explanations of non-attendance in the year before this trial was initiated. 5 Of an annual volume of around 18 500 appointments, it was shown that 19% were cancelled and 5% were non-attended. 18 Intervention An attachment was enclosed to the appointment letter. This attachment informed the individual that in the case of non-attendance without giving notice, a fine of DKK250 (€34) would be issued. The size of the fine was determined by the Danish Ministry of Health and corresponds to the existing fine for specialised care. The individual was further informed that a secretary could be contacted for cancellation or rebooking during normal office hours, and that a central regional administrative office (Corporate Finance, Central Denmark Region) would handle any questions concerning the fine policy (preappointment requests, complaints, payment issues and so on). No deadline was set for giving notice; cancellation on the part of the user was accepted right up until the time of appointment. Apart from this attachment, the intervention did not alter the usual circumstances for the appointment.
A secretary at the orthopaedic department collected and registered non-attendance on a daily basis and sent a list to the central regional administrative office once a week. Fines were then issued and sent to the individuals by the same form of mail as used for the appointment letter. Fine recipients were given 4 weeks until the due date for payment. In the case of non-payment, users received up to two reminder letters, after which the settlement was handed over to the tax authorities.
sample size
The study was powered to detect a reduction in non-attendance of at least 1.58 percentage points (from 4.8% to 3.22%), based on a χ 2 test and 90% power. This would be obtainable at a sample size of 6500 appointments, randomised 1:1 to intervention and control.
effectiveness The primary effectiveness measure was non-attendance of a non-cancelled appointment without notice. The secondary effectiveness measures included cancellation on the part of the hospital, cancellation on the part of the user (giving notice about non-attendance) and, for users fined, the extent of payments and complaints. A data manager who was external to the research team extracted these data from the electronic patient file system and handed them over to the research team.
Costs
The costs of running a fine policy from a healthcare perspective were estimated by activity-based costing of the administration and register-based costing of the potential productivity loss when an appointment was unattended. All estimates are reported in their original currency (DKK) for the price year 2017 (DKK745=€100). The activity-based costing was conducted for the entire period of intervention at the relevant office under Open Access the regional healthcare administration. The persons handling all activities relating to the fine system (receiving the lists of non-attenders, issuing the fines, taking phone calls from citizens and so on) registered their time use. Valuation of time was on established internal rates from the regional health administration. These include load factors of 1.71 for non-productive time and 1.09 for vacation time. A further load factor was included for tasks related to management, secretarial work and so on, such that the total cost per hour amounted to DKK801. The costs of the postal service, including printing letters, and the costs of electronic letters were based on market prices of DKK6.66 and DKK0.54, respectively, per letter. Finally, an overhead rate of 21% was used to account for rent, office supplies, information technology, telephone and other such expenses.
Appointment characteristics were informed from the hospital's electronic system, and productivity loss was counted in case of non-attendance, based on the usual definition of production value according to the diagnosis-related grouping casemix system (see online supplementary appendix 1).
Cost-effectiveness
The main analysis contrasts two different assumptions about the productivity loss when an appointment is non-attended: the case when the staff cannot substitute the time freed with other relevant activity when an appointment is non-attended (100% productivity loss), and the case when, for example, another individual is available and willing to step in from the waiting room (0% productivity loss). The use of the extreme scenarios of 0% vs 100% productivity loss was made in retrospect of a qualitative organisational survey, demonstrating that the production in most cases is fully flexible such that the productivity loss approaches 0%, and to balance that with the most conservative assumption of 100% productivity loss. The net benefit framework 19 20 is used to convert the overall cost and effect differences into a net monetary benefit for a range of hypothetical values of willingness-to-pay per 1% reduction in non-attendance. Cost-effectiveness acceptability curves are used to illustrate the results. 21 sensitivity analysis of the cost-effectiveness results The administration cost of a fine system is potentially affected by economies of scale, such that, if it were rolled out in an entire healthcare system, it might be less costly than is estimated here. Therefore, a first sensitivity analysis Open Access is conducted under the assumption of a halved administration cost. When a user informs the provider that he/she does not plan to attend an appointment, some time lag occurs before the health professionals receive the message and reschedule their plans. Nevertheless, this protocol specified no deadline for cancellations. As a secondary sensitivity analysis, non-attendance was ignored to mimic that it made no difference. Finally, fines could have an effect not only on non-attendance but also on cancellation, which was, therefore, considered together with non-attendance in a third sensitivity analysis.
statistical analysis Conventional summary statistics were used for reporting the baseline characteristics. All of the analyses of outcomes adhere to the intention-to-treat principle, and all analyses are unadjusted. Effectiveness was analysed as frequencies, and the χ 2 test was used to assess differences in counts between randomisation groups. Costs were analysed as arithmetic means, with bootstrapped SEs based on 10 000 replications, and differences between randomisation groups were reported along with 95% CI. A general significance level of 5% was used, and all analyses were undertaken in Stata V.14 for Mac.
User consent was not obtained in accordance with the Danish law given that the trial is considered to be a quality-improvement project and because the intervention does not affect the service provision once a person shows up to receive care.
results
Participant flow
Of the 13 203 appointments scheduled at the clinic during the inclusion period, 6746 were eligible for inclusion and were randomised, resulting in 3333 in the fine group and 3413 in the no-fine group (see figure 1 ). There were no missing data on outcomes, and all randomised appointments were evaluated.
Included appointments
Both genders and all ages were represented in the appointments included in the trial (see table 1 ). The average distance from the user's home to the hospital was 27 km, and the average wait from referral to appointment was around 30 days. Summer and autumn seasons were over-represented because the inclusion period ran from May to November. Wednesday and Thursday were under-represented when appointments were scheduled as a result of production planning. The majority of the included appointments concerned treatments exclusive of surgery (between 52% and 54%) or follow-ups (between 40% and 42%), whereas diagnostics and surgery each covered around 3%. None of the baseline characteristics were statistically significantly different between the randomisation groups.
effectiveness and acceptance of the fine policy There were no statistically significant differences between the randomisation groups in terms of cancellation or non-attendance (see table 2 ). Of the 3413 appointments in the no-fine group, 716 (21%) were cancelled, and of the 3333 in the fine group, 707 (21%) were cancelled. Of the 2697 appointments not cancelled in the no-fine group, 131 (5%) were non-attended, and of the 2626 appointments in the fine group, 130 (5%) were non-attended.
Complaints and payment status were monitored in the fine group as a reflection of the acceptance of the fine policy (see table 3 ). Of the 130 valid fines issued, only 27 (21%) were paid (three after complaints). Of the 103 Open Access unpaid fines, a complaint was made in 22 cases (21%), whereas the remaining 81 (79%) were unpaid even after two reminder letters.
Costs and cost-effectiveness
An administration cost of DKK7.72 per appointment was estimated for the fine policy, based on the micro costing (see table 4 ). This cost was based on: 727 staff min used on answering phone calls, or mail from users, with questions or complaints; 650 min used to issue the fines and generate credit notes, in the cases where the fine was annulled after complaint; and 155 min used on other fine-related administration tasks.
The productivity loss resulting from non-attendance was observed to be similar in the randomisation groups, with an average value of around DKK50 per appointment, and with a difference between randomisation groups of DKK2 (CI -11 to 15) per appointment. This generated a total cost of non-attendance of DKK47 (SE 4) per appointment in the no-fine group and DKK56 (SE 5) per appointment in the fine group, leading to a non-statistically significant difference of DKK10 (CI -9 to 22) per appointment (see table 5 ).
The probability of a fine policy being cost-effective over no-fine policy was found to converge to just above 50% for values of reducing non-attendance above DKK10 000 (see figure 2) . The extent to which productivity was affected in the case of non-attendance had little effect on cost-effectiveness because of the lack of statistically significant cost and effect differences between fine and no-fine policies. This also applied to the results of the sensitivity analyses which did not substantially affect the main result (see figure 3 ).
DIsCussIOn
Despite a power to detect a reduction in non-attendance of 1.5% from the expected baseline level of around 4%, no effect was observed, and the degree of non-attendance was equivalent with and without a fine policy of DKK250 (€34) in case of non-attendance. Thus, we can Open Access also state that we did not observe any consequences for departmental productivity and that the probability of a fine policy being cost-effective did not substantially exceed 50%, given the lack of clear directions observed in cost and effect differences between the randomisation groups. However, a number of complexities apply to this seemingly straightforward interpretation. The randomised real world nature of the study design is a major strength in relation to assessing impacts on individual behaviour, and it is supported by the immediate concealment and strict masking of health professionals and investigators. Furthermore, the context is well described, and the effect measure is nuanced in terms of disentangling cancellation and non-attendance. However, experimental research on system-level policies is quite complex, in that effects could flow at several levels. A key dilemma, therefore, is whether to prioritise individual-level effects or organisational-level effects when defining the unit for randomisation. We judged that randomisation at the individual level would lead to the most important and first-line effect of attendance. It is also a prerequisite for broader consequences because if individuals do not react to a fine policy, the scope for organisational consequences of non-attendance quickly diminishes. If we on the other hand had observed an effect, we would have potentially overlooked derived effects at the organisational or societal level, such as the job satisfaction of staff and the preservation of the citizens' sense of social justice.
The same argument applies to the cost side of the equation, where we adopted a relatively simple perspective on the administration costs of the fine policy and the potential consequences of non-attendance to productivity. That perspective omits more complex costs that, from the user perspective, might be significant if, for instance, the appointment is part of a series of appointments, or if the user lives far from the provider and/or is planning assistance to enable him/her to attend. Nevertheless, the well-defined but relatively narrow perspective of this trial does not represent a weakness because individuals simply did not react to the fine policy. Instead, we consider that the most important weaknesses of the trial relate to the implementation of the fine policy; that is, whether the amount of the fine was sufficient to generate a reaction and whether the way that it was presented to users (via the attachment to appointment letter) meant that they recognised the policy in time to react.
We are not aware of any studies that have assessed the dose-response relationship for fining non-attendance, and it should be noted that this relationship will be highly context specific and closely related not only to the income of users but also to, for example, their culture and experience with fines in other areas, infrastructure and likelihood of force majeure. The amount of DKK250 (€34) used in this trial was chosen because it was determined that it would not affect equity negatively and that all users would be able to pay. Furthermore, it was noted that similar (or indeed higher) fines have been imposed for years by privately practising practitioners. The lack of an effect could have arisen because the incentive to attend was too weak and/or because the user had no choice regarding non-attendance because he/she was unaware of the appointment or was restricted by ill health or other circumstances. We note, however, that the characteristics of non-attenders have previously been reported, and they do not indicate ill health. 5 We are currently investigating whether certain patient groups were disproportionately affected by the fine policy such that it could have had consequences for access and equity. However, given the lack of an effect of the fine policy, there is little room for any detrimental effects on these aspects.
Unfortunately, although the reasons for non-attendance could have been formally investigated in the implementation research alongside the trial, this was not undertaken. However, 44 of the users in the fine group were interviewed as part of a qualitative focus group study which found that they were indeed aware of the fine policy. 15 This suggests that the reason for non-attendance may not be restricted to carelessness or forgetfulness but that it could be a particular obstacle such as, for example, acute illness for which a fine policy has no effect. In an observational study on reasons for non-attendance in a neurological clinic, 28% were explained by forgetfulness, 16% by acute illness, 15% by administrative errors on the part of the clinic and 13% by the fact that the patient no longer felt the need, among others. 8 When the reasons for non-attendance include illness or inability to cancel an appointment for which one does no longer feel the need, it raises the question whether non-attendance can be reduced much further down than the current 5%. Flexible booking and reminder systems seem to be able to reduce non-attendance down to 5%-10%, and once that has been achieved, remedies that target reasons beyond convenience and forgetfulness are required.
Research is ongoing in terms of the future direction for non-attendance and, in a number of recent studies, the role of the general practitioner, as well as the collaboration between general practice and specialised care, appears to be important. It is suggested that general practitioners should follow-up on their patients' attendance at hospital appointments 22 and that focusing on 'banalities', such as sharing updates and contact information, is important. 23 24 Another stream of research focuses on the development of systems for identifying users at greatest risk of not attending who can then be supported in order to prevent non-attendance. 25 Support could be in the form of service management tailored to specific groups 26 or patient education and differentiated communication strategies; for example, for low-literacy groups. 27 Finally, it has been suggested simply that more decentralised care should be considered, after years of centralisation and specialisation, where the distance between the users' homes and the providers in many settings has increased. 28 
Open Access
The main limitation of this study is its specific context of an orthopaedic clinic of the Danish national health service. Generalisability to other clinical specialties should be made with caution and considering the characteristics of the appointments and users including age, gender and functional ability. 5 The generalisability of first-time appointments during the summer and autumn seasons should also be considered. While we believe that a patient's reaction to the first threat of a fine is a good predictor for later reactions, we cannot rule out that repetitive threats and/or general experience with a fine system changes the behavioural response. On the one hand, experience could increase awareness and thereby the impact of fines and, on the other hand, experience could also generate knowledge on how to get a fine cancelled such that it is less of a threat. In this particular context of orthopaedics, one appointment letter is often used to cover more than one appointments. Had we chosen to include all as opposed to first-time appointments we could not have controlled the dose of fine attachments whereas in this case every person has had exactly one attachment to react to. As concerns seasonal variation, we have previously examined the characteristics of non-attended appointments (season, day of week and time of day) and found no evidence of seasonality. 5 In conclusion, this study has contributed to the literature with the somewhat cheerless results that fining non-attendance might not reduce non-attendance levels much further if they have already been lowered to around 5%, based on optimisation of bookings and use of reminders. Future studies of other contexts, particularly those where non-attendance is a greater problem, might arrive at different conclusions. However, for contexts similar to the one examined in this study, further means of reducing non-attendance appears to relate to communication and collaboration between general practices and hospitals, and perhaps it needs to be accepted that non-attendance is a phenomenon that has a lower limit, below which it cannot be further reduced.
